As new structural composites, X-cor sandwich effectively improves the mechanical properties of the foam sandwich in thickness direction due to its high specific strength and specific stiffness. In this article, by introducing the correction coefficient, the modified calculation model of X-cor sandwich's compression modulus was established based on homogenization theory. The correction coefficient of compression modulus is 0.3. The effects of X-cor sandwich's structural parameters on the compression modulus were investigated. In Z-pin's inserting angle range of 0°-30°, the compression modulus decreases with the increase of inserting angle and increases with the increase of Z-pin's density and diameter. The error range between the analysis of modified model and the test is -13.9%-10.6%. The analysis is in good agreement with the test, which indicates that the modified calculation model can be used to calculate the X-cor sandwich's compression modulus.
Introduction
As a kind of lightweight structure, the sandwich is composed of facesheets, cores and glued layers [1] . The facesheet is made of high strength and high modulus materials. The core can be made using honeycomb, foam and other lightweight materials. One of the problems of honeycomb sandwich is its complex preparation process. Furthermore, there easily appear pits at the location of honeycomb core on the facesheet, which will severely affect the smooth flatness of facesheet [2] . This problem can be effectively solved by using the closed cell rigid foam as cores. In the X-cor sandwich, numerous unidirectional composite needles (Z-pin) with high strength and high modulus were inserted into the foam in a certain degree to form X shape spatial truss structure. The prepreg were laid on the foam core containing the truss structure. After the compound curing, the tips of Z-pin inserted into the facesheets to form a kind of integral structure, resulting in the improvements of modulus and strength in thickness direction [3] [4] [5] . The novel structural composites well satisfy the requirements for light weight and high strength of the materials for high technology, such as aeronautics and astronautics, etc.
At present, the X-cor sandwich's preparation, microstructure, calculations of the lastic and strength properties and failure mechanism are deeply studied abroad [6] [7] [8] [9] . While the related researches about X-cor sandwich start later in China. It is at the stage of exploration and the X-cor sandwich's mechanical model is especially incomplete [10] [11] [12] [13] . In this study the calculation model of X-cor sandwich's compression modulus is modified based on homogenization theory. The rationality of the modified model is verified through the comparison of calculated values and test values.
Preparation and Tests of X-cor Sandwich
The preparation of X-cor sandwich is composed of three steps. The first step is Z-pin's pultrusion. The fibers used in Z-pin's pultrusion were carbon fibers (Toray, Japan, T300-3K and T300-6K) and glass fibers (Nanjing Glass Fiber Research Institute, HS4). The resin system was FW-63 epoxy resin (Yubo Company, Kunshan). Figure 1 exhibits the pultrusion Z-pins of carbon fiber/FW-63 epoxy resin. The second step is Z-pin's insertion. The pultrusion Z-pins were inserted into the foam cores by the implanting machine to form the reinforced foam. The elastic modulus of PMI foam (Degussa, Germany, Rohacell 31IG) was 36 MPa. Figure 2 shows the X-cor after Z-pin's insertion.
The third step is the curing of X-cor sandwich using vacuum solidification forming process. Figure 3 and 4 are the vacuum bag curing device and the X-cor sandwich, respectively.
Establishment of Modified Model
Z-pins in the X-cor sandwich preserve the feature of periodic distribution and the mechanical properties of the sandwich can be adjusted through changing Z-pins' geometric parameters. The homogenization theory offers an effective way to combine the macro and micro level of materials [15] . The calculation model of X-cor sandwich's compression modulus was established based on homogenization theory. The equivalent stiffness tensor H C of the X-cor sandwich is Equation 1 [8] .
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In Eq.1, 1 D , 2 D and 3 D are the Z-pin's projection length at the bottom surface of cell, the cell length and width, respectively; 2  4  2  1  1  2  4  2  1  1  2  2  2  4  2  2  p  1  1  3/ 2  2  2  2  2  2  3  1  1  2 
Eq. 1 shows the stiffness matrix of the X-cor sandwich. The stiffness matrix inversion (flexibility matrix) can be achieved by the calculation ( Table 1. In table 1 , there were three types of X-cor sandwich, which were carbon fiber Z-pins-carbon fiber facesheets (CF-CF), glass fiber Z-pins-glass fiber facesheets (GF-GF) and carbon fiber Z-pins-glass fiber facesheets (CF-GF). The calculated values of homogenization theory agree well with the tested values (Table 1) , which indicates that the introduction of correction coefficient is reasonable. Therefore, the modified model based on homogenization theory can predict the X-cor sandwich's compression modulus.
decreases with the increase of insertion angle and increases with the increase of Z-pin's density and diameter. The error range between calculated values and test values is -13.9%-10.6%. The agreement indicates the rationality and correctness of the modified calculation model.
